Co-creation of improved quality in disaster response and recovery 
Background
A person needs only to look at a newspaper, listen to a news broadcast, or view the nightly news to learn that the international humanitarian community is now struggling to alleviate human suffering in many parts the world. Indeed millions have been forced to flee from their homes to escape war, harsh regimes, natural disasters and other such events. Some of these people are fortunate enough to be with relatives or friends, more are in refugee camps, and others are trapped in the disaster zone. The organizations that respond to disasters and support these people are severely challenged to provide sufficient resources to meet their needs. The severity of the situation was highlighted recently when, for lack of funds, the United Nations had to halt food distribution to Syrian refugees [1] .
The extent of a disaster can range from a local or national flood to a multi-county event like a tsunami or the housing of war refugees. The disaster can come from a variety of causes and the response can require different mixes of skills and supplies. Regardless of the cause or extent of the disaster a response requires resources and the interaction of simultaneous disasters is clearly a factor in resource availability. Moreover, any disaster response can affect the ability to respond effectively to another. The focus of this paper will be on disasters that require an international response by multiple organizations.
Disasters have been classified into two broad groups: natural and man-made (also called technological disasters) [2] . Interestingly, biological disasters are incorporated in man-made disasters. Examples of natural disasters include the earthquake in Tibet, the Bangladeshi floods, California wildfires, and tsunamis like in the Philippines. Man-made disasters include oil spills like Deepwater Horizon in the Gulf of Mexico, diseases like Ebola in Sierra Leone, industrial accidents like the Bhopal pesticide plant, and wars that create refugees like in Syria. Regardless of category, all of these examples required a resource consuming response adding to the demands on the international humanitarian community.
Statistics on disasters have been gathered since the beginning of the 20 th century [3] . The total number of disasters is almost entirely from natural disasters. The number of man-made disasters barely registers on the scales of Figure 1 . Overall they only account for 7.5% of the deaths and 1.7 percent of the damage costs. In addition, the average number of disasters from 1900 to 1959 is only 19 per year and the maximum is only 45. These also barely register on Figure 1 . There are several other observations about the data depicted in Figure 1 . The deaths are frequently correlated with the damage (the intensity), particularly in the recent years. Since the loss of lives seems to be going up as the number of disasters is decreasing, an argument for life-saving effectiveness can be made. Interestingly the data up through the early 2000s has been used as evidence that the frequency and intensity of disasters have been increasing over time. As shown in Figure 1 , the damage costs are still increasing, though the number of disasters per year has declined in the last few years. Nevertheless the forces behind the growth in the number and intensity of disasters are already in place [4] . They include global climate change, increasing population density, human encroachment into disaster prone areas, Figure 1 Statistics on total disasters. recurrent famine, and the increasing intensity of weather events. Given the capacity limitations of the international humanitarian community that have already been observed, there is concern that the expected increase in demand will require expanded capacity and/or improved efficiency.
The concern about the increases in frequency and intensity has been reinforced in the recent past by concerns about the responses to recent disasters. The recovery in Haiti has been plagued by incomplete payment of pledges, insufficient progress, corruption, and misspent funding [5] . Concerns have been raised about the response to the floods in Pakistan [6] and a there's even a general concern about cooperative purchasing for disaster relief [7] . The response to Hurricane Katrina has received criticism since the storm hit land in the state of Louisiana in the United States. It still is a mixture of the reconstruction and devastation, with some of the new areas being supported by well-known performers [8] .
One of the premises of this paper is that these shortfalls in the response to these disasters are indications of poor quality. The "customers" (victims) of the disaster are getting less than the full value of the response. It is not limited to the corruption and graft that is endemic in many of the disaster prone areas of the world. The value shortages stem from poor (or no) pre-planning or other mitigation efforts, inefficient supply chains, poor communication among the responders and other execution issues. These manifestations of quality flaws point to a need for the responders to cocreate quality improvements in their response and reconstruction activities after a disaster.
Literature review
Concerns about increasing demands for disaster response and limited resources have been expressed by several members of the international humanitarian community [9] . In addition the number and types of organizations responding to disasters has increased since Hurricane Mitch in Central America in 1998, when CNN first covered a disaster live [10] . The media attention also brought private companies, additional non-governmental organizations and even private citizens (including movie stars and famous musicians) into disaster zones [11] . By 2008 the United Nations had developed a formal methodology for private participation in disaster response and had signed a contract with three international logistics companies. The addition of these different organizations brought new resources and capabilities to the responses, but greatly increased coordination requirements [12, 13] and the need for better management mechanisms [14] .
Researchers have looked at the coordination issues through a variety of lens. Some have a large for-profit business management perspective [15] . Other perspectives include supply chain management [16] [17] [18] , software applications [19] , organizational behavior [20] , mathematical modeling [21] , case studies [22] , and many others. Several researchers, mostly from marketing, have studied the management concept of cocreating value for a company's customers [23] . It has not, however, been widely researched as a tool for increasing the quality of disaster response and recovery. For this paper, increased quality will be the equivalent of providing added value to the victims of a disaster.
Much research has been done on information systems and some addresses co-created emergency information services [24] . Another project co-created a 3D visualization of a disaster zone [25] . By emphasizing the "co" aspects (collaboration, cooperation, and coordination) of effective co-creation Sang M. Lee and his colleagues have broadened the scope of the concept [26] . This has helped make cocreation a promising tool to bring to bear on the quality of a response. Of course it still leaves open the question of what is quality in this context.
In the Introduction to this paper, examples are presented of cases where there were, shortfalls in effectiveness during the response to some humanitarian disasters. These shortfalls mean some of the potential value to victims was not realized, thus implying a problem with the quality of the response. Among other things the measurement of the overall quality in humanitarian disaster response and reconstruction is dependent on the nature of the disaster [27] . Some researchers have worked at deriving humanitarian relief chain metrics from commercial supply chain metrics [28] . Others have looked at the personnel attributes (including gender differences) needed for humanitarian logistics [29] . These operational perspectives are essentially efficiency oriented however, and often understate the needs of the overall relief effort.
Further complicating the overall definition of quality is the different perspectives of the various responder organizations that are involved. For a large-scale international event, nothing can begin until the affected country or countries ask for assistance. There may be political objectives behind their permitting only certain country's organizations to be involved in a response. China routinely turns away offered assistance in a disaster and Myanmar was slow to let in aid organizations and wouldn't permit military ships or helicopters to bring in supplies during the cyclone Nargis disaster. There are differences in objectives for other organizations that make overall quality difficult to define. For instance some of the non-governmental organizations have saving lives and health oriented objectives while others may have broad shelter and food metrics. The military may have very different objectives than some of the other government organizations. The media and the public may be looking for exposure while some non-governmental organizations may want exposure to help them raise operating funds.
These different objectives make the development of a single measure of quality difficult. The research to date that has led to fairly comprehensive measures has been largely operational. In general they have to do with speed, cost savings, delivery performance, etc. It is partly because of these different perspectives that the notion of co-creation comes into play. By working together, agreements can be made among the responders and the victims that point the capabilities of the responders to the needs of the victims. Some work has been done already in devising quality measures that are broadly applicable to the organizations that are involved in disaster response [30] . That work was done only for the disaster planning activities, however.
For quite some time, responders have found it useful to define phases of a disaster response for organizing their planning and execution activities. Some academic work has been done on addressing the issues of the overlaps of the phases and ambiguity in assigning some of the activities to phases [31] . Nevertheless, the Federal Emergency Management Agency has defined four phases of emergency: mitigation, preparedness, response, and recovery [32] . There are variations used by some organizations, but these four phases are used by the United Nations and many other disaster response organizations. The four phases as described in Table 1 will be used in this paper to describe opportunities for co-creating quality improvements in disaster response.
Co-creation opportunities
The opportunity to increase the quality of disaster response and recovery through cocreation is completely dependent on getting the response organizations together to cocreate solutions. Since each of the four phases of the life cycle has a different mix of personnel and/or organizations it does provide a useful framework for this discussion. In addition, the objectives, time horizons, skill requirements and tools in each phase are quite different, usually requiring a different mix of levels within a given organization. While logistics oriented, Christopher Sandwell provides some insight into different perspectives between organizations and levels in organizations that complicate the communication required for co-creation [33] .
Mitigation
In this phase of the life cycle, the objectives are to reduce the chances of another disaster and the negative consequences if one should happen. Reducing the chances of an occurrence is primarily focused on man-made disasters. The skills required are largely technical and are focused on the reengineering processes to prevent industrial accidents like the Bhopal gas or Fukushima nuclear tragedies. Those same skills are involved in reducing the consequences of disasters by developing early warning systems for typhoons and tsunamis, for example, or improving packaging for critical supplies. In these efforts, the objectives are usually quite clear to all involved, and the test of quality is generally technical performance.
The metrics are not as clear, however for decreasing the negative consequences of the response. This effort is based on reviewing the responses to past disasters. Information and insights from the responders, the planners, the local population, and Table 1 The four phases of the disaster life cycle
The four phases of emergency management
Includes any activities that prevent an emergency, reduce the chance of an emergency happening, or reduce the damaging effects of unavoidable emergencies.
Preventing future emergencies or minimizing their effects Buying flood and fire insurance for your home is a mitigation activity.
Mitigation activities take place before and after emergencies.
Preparedness
Includes plans or preparations made to save lives and to help response and rescue operations.
Preparing to handle an emergency Evacuation plans and stocking food and water are both examples of preparedness.
Preparedness activities take place before an emergency occurs.
Response
Includes actions taken to save lives and prevent further property damage in an emergency situation. Response is putting your preparedness plans into action.
Responding safely to an emergency Seeking shelter from a tornado or turning off gas valves in an earthquake are both response activities.
Response activities take place during an emergency.
Recovery
Includes actions taken to return to a normal or an even safer situation following an emergency.
Recovering from an emergency Recovery includes getting financial assistance to help pay for the repairs.
Recovery activities take place after an emergency. outside experts are needed to improve the response to a recurrence. Because of the variety of skills, organizations, and levels that are involved, this is one of the most obvious areas to employ co-creation. However, the time horizon is not well defined, since some aspects could be on going while others may terminate with the occurrence of another disaster, such as when Hurricane Rita followed Hurricane Katrina within a couple of weeks.
The variety of perspectives that should form the mitigation group is also what makes it difficult to convene and manage. Of course the differences in objectives between individuals and organizations are important to the analysis, but difficult to synthesize into a general quality measure(s). Also since the responders can change from disaster to disaster (even one of the same kind in the same location) it may not be possible to have as broad a representation as desired. Yet previous experience is important to the mitigation effort. Also, involving the local people in the process is important but can be difficult. Some research has been done on incorporating the local point of view [34] but much more is needed.
Some work on developing an integrated approach came out of a case study of the 2004 Indian Ocean tsunami [35] . But more is work needed on methods of organizing and managing the co-creation process with a great diversity of organization, language, skills and motivation involved. The objective would be to improve the process such that the outcome would be one of harmonized goals, shared "ownership," and agreed principles of operation. Desirable as well would be a more integrated measure of quality for the next occurrence of the disaster.
Preparedness
Preparedness is the phase in which actions are taken in advance of a disaster. There are many areas where disasters occur unpredictably but frequently. Earthquakes in the Andes of South America, Famine in the Sahel of Africa, Cyclones in South East Asia, Hurricanes in the Southeast United States and so forth. In these areas emergency supplies can be prepositioned in anticipation of a disaster, contracts for supplies can be developed, part of the response plan from the mitigation phase can be rolled out, and other actions taken [36] . The objective is one of efficiency when a disaster occurs. There is less concern about the time horizon for these activities, so they are candidates for cocreation of priorities and plans. The participants in the co-creation of these plans have local and expert knowledge; so they can be assembled fairly easily. In fact, considerable research has been done on actions that can be done ahead of time. Some researchers take an inventory perspective [37] , others a general operations research perspective [38] and a counter argument has even been raised [39] .
There are times when the mitigation work helps greatly with the preparedness. For example, Typhoon Haiyan hit the Philippines in November 2013. It was one of the strongest ever recorded and caused great physical damage and human death and suffering. Mitigation activities started just after the storm hit. Replenishment of supplies and pre-positioning was initiated, disaster plans were gone over, evacuation routes identified and other measures taken. By the time that Typhoon Hagupit hit in December 2014, the early warning system had alerted the authorities. People in the path of the storm were already in shelters and the response team in the field. Fortunately the storm weakened and took a different path that reduced the physical damage, but the mitigation efforts were responsible for the preparedness that greatly reduced the human suffering.
When there is less of a warning when a disaster occurs there can be little time for co-creation activities. More research is needed on the handoff between the planners and engineers that are engaged in the mitigation effort and those on the ground carrying out the operational work necessary to be prepared. The handoff can be especially difficult if there are multiple locations and languages involved.
Response
Once the disaster occurs, it is time to monitor the disaster, make modifications in the response plan and roll it out as quickly and safely as possible. This is the time when the respondents get involved. Their overall objective is to respond to get relief to the victims as soon as possible. This is when the co-created plans and objectives will be tested in terms of the improved quality of response. Unfortunately, this is also a part of the life cycle that has very little applied research. In particular, research on the collaboration processes, information access and commonality, and goal alignment procedures would be most helpful.
The disaster area is usually chaotic and communication, cooperation, and collaboration among the responders is usually difficult. The time horizon is related to the length of the disaster, so it is sometimes quite short like some tornadoes, but can be years with refugees. Communication systems have been proposed [40] , elements of the planning process have been studied [41] , and Jamison Day has provided some hypothesis to be tested [42] but much more research needs to be done. The pressure at the disaster site is to get things done. This makes the task of researching on the scene very difficult. Some work has been done on crowdsourcing at the site. In Haiti for example, crowdsourcing was used to help find open routes and get other information about conditions on the ground [43] .
The presence of the media and famous people has created some highly dysfunctional circumstances. Occasionally the media will report on a shipment of wool clothes going to the tropics or inappropriate toys going into a disaster zone. These kinds of often well-intentioned efforts take valuable capacity from the response effort and divert it from more critical uses. In addition, there have been instances of the loss of containers or piles of items that could have been used elsewhere. Here is an opportunity for a cocreated educational campaign for the donors of these unneeded items.
Recovery
The recovery phase is one in which co-creation is possible and highly desirable. The time horizon is usually quite long and many of the people are on the scene. The response team can help with assessments of what the damage is and what needs to be cleaned up. The local population should have a major say in what gets done for the future and can contribute to the co-creation process. The research on co-creation processes can be helpful here. Some research on planning with teams comprised of "western" responders in African or Asian disasters warn of implicit imposition of the responders' views on the local population [44] .
In contrast, one example of recovery with an increase in quality was after the 2004 Indian Ocean tsunami. Not only was the local population of the affected countries involved in co-creating the rebuilding, they coined the phrase "Build Back Better!" The reconstruction effort hewed to that mantra and made the villages safer from future disasters, created better schools and achieved many other objectives that gave the local population great pride in their new surroundings [45] . This is not necessarily a model for other recovery efforts but aspects certainly could be.
One difficulty encountered in the rebuilding efforts is the cash flow from donors. There is a tendency for private money to follow the media cycle. Thus the flow dries up when the TV crews leave. The research on this phenomenon is just starting [46] . This is another area where the a co-creation project with the donor community could help educate the donors about the length of the recovery process. For example in 2014 the Ninth Ward in New Orleans still needed much work even though Hurricane Katrina hit in 2005 [47] .
The research needs in this phase are more directed to the attempt to "Build Back Better" idea. What is "better" in areas that are prone to disaster, areas such as the Andes in South America or along the seacoast in Asia that tend to be quite conservative? Can research projects be devised that will help those involved in recovery understand better the concerns they face and how to accommodate them? Perhaps co-creation of research agendas would help answer these questions.
Conclusion
In this paper, data are presented that shows an increasing amount of damage over time from disasters. There is a general concern that both the frequency and intensity of these disasters has been increasing and that the forces for continuing the trend are already in place. Closer inspection shows that there has been a long-term trend (more than 100 years) of increasing damage while, after a period of moderate decline, deaths have shown an increase over the last 25 years or so. The frequency of disasters has dropped over the last 15 years, but increased sharply during the 40 years before that. The conclusion is that frequency, loss of life and damage will continue to increase into the foreseeable future.
At the same time, the capacity to respond to these disasters is already stretched quite thin. This is reflected in many criticisms of the responses to recent disasters around the world. The position of this paper is that these criticisms highlight quality concerns since they indicate reductions from the potential value that can be provided to the victims of the disaster. The disaster life-cycle framework was used to indicate opportunities for co-creation of improved quality disaster responses and recovery. Since disaster response and recovery can join several organizations, countries and companies together in a mutual effort, time spent on co-creation of plans, execution protocols and shared metrics could provide substantial benefits. In addition the entire field of humanitarian relief is under-researched and badly separated by academic field. This is another area for co-creation of value -research value.
